Streptococcus suis is the causative agent of a contagious porcine disease, characterised by pneumonia, arthritis, septicemia, pericarditis and meningitis. It also has a zoonotic character and can be isolated from a wide variety of mammals, including man. The objective of this study was to investigate the distribution of virulence-associated factors of the S. suis serotype 2 strains in Hebei Province of China. Six virulence genes were detected by PCR amplification for 22 strains of S. suis serotype 2 isolated from pigs in Heibei province and they were: the glutamate dehydrogenase gene (gdh), the capsular polysaccharides gene (cps), the muramidate-released protein gene (mrp), extracellular factor (ef), the suilysin gene (sly) and the virculence-associated sequence (orf2). The results showed that there were 6 strains (27%) which contained the six virulence genes and 9 strains (41%) which contained five of the six virulence genes above mentioned. The rest of the strains (32%) lacked of someone of the virulence genes. These results showed that the prevalent strains of S. suis serotype 2 were virulent strains which contain all six virulence factors and the main virulent genotype in China is which contained five of the six virulence genes.
INTRODUCTION
Streptococcus suis serotype 2 is an important zoonosis pathogen. It causes meningitis, pneumonia, septicemia and arthritis diseases in pigs (Staats et al., 1997) . In humans, S. suis serotype 2 can cause meningitis, which may result in permanent hearing loss, septicemia, endocarditis and death. The pathogenicity of S. suis serotype 2 strains isolated from different pigs is related to virulence factors (Lu et al., 2008) . Several virulence factors have recently been identified and studied, including glutamate dehydrogenase (gdh), extracellular *Corresponding author. E-mail: mzj6699@126.com. Tel: +86-0335-2039084. Fax: +86-0335-2039084. factor (ef), capsular polysaccharide (cps), murimidasereleased protein (mrp), suilysin (sly), etc. In particular, mrp, ef and sly are considered important virulence factors. Therefore, the phenotypic markers used to distinguish virulent from avirulent isolates of S. suis serotype 2 include of mrp, ef, and sly genes. In recent years, the economic loss in the swine industry due to S. suis serotype 2 infection is greater in Hebei Province. It was quite common that a variety of pathogenic microorganisms participated in mixed infection. The mixed infections derived from S. suis serotype 2, include porcine reproductive and respiratory syndrome ("blueear" disease), swine fever virus, porcine circovirus, etc. This study aimed to understand pathogenicity and distribution of virulence factors from S. suis serotype 2 that was isolated and identified from diseased pig with typical clinical symptoms of septicemia, meningitis and arthritis in Hebei Province. This study will help people to understand the virulence characters and pathogenic mechanisms of S. suis serotype 2 preventing and controlling the diseases caused for this microorganism to avoid economic loss in swine industry.
MATERIALS AND METHODS

Bacterial strains and culture conditions
S. suis serotype 2 strains HA9801(gdh + , sly + , ef + , mrp + , orf2 + ), isolated from dead pigs in Jiangsu, China, were gifted by professor Lu Chengping from Nanjing Agricultural University. Twenty-two strains of S. suis serotype 2 were isolated from visceral organs of pigs with typical clinical symptoms of septicemia, meningitis and arthritis from 2005 to 2010. Staphylococcus aureus (ATCC25923) was used for quality control to PCR amplification. All strains were stored in key laboratory of preventive veterinary medicine of Hebei, Normal University of Science and Technology. S. suis serotype 2 was inoculated for 18 h at 37°C on sheep blood agar plates for rejuvenescence and then grown for 18 to 24 h at 37°C in Todd-Hewitt broth (THB).
Primer design
Six pairs of oligonucleotides were designed to amplify the virulence genes (mrp, orf2, gdh, sly, ef, cps) as target sequences (Table1) according to reference (Zhao et al., 2006) .
DNA extraction
A single colony of each strain grown on sheep blood agar plate was suspended in 1ml of THB and grown as above mentioned. Genomic DNA was extracted according to the standard phenol-chloroform-isoamyl alcohol protocol, and then DNA was stored at -20℃.
PCR components and amplification
The PCR mixtures contained 2 μl of extracted DNA as template, 0.6 μl of each primer (10 nmol/L), 0.3 µl Taq DNA polymerase(2.5 U/µl), 0.5 µl 10mmol·L -1 dNTPs and ddH2O prepared according to the instructions for PCR kit in a 25 μl of total volume.
PCR amplification was carried out in these conditions: After 5 min of initial denaturation at 94℃, PCRs consisted of 30 cycles of denaturation for 30 s at 94°C, annealing for 30 s, and extension for 1 min at 72°C. A final extension was performed for 10 min at 72°C. PCR reaction conditions are the same for the rest genes excepting the annealing temperature. Simultaneously, negative control was designed. The PCR products were detected by electrophoresis in a 1% agarose gel.
RESULTS
The presence of the virulence genes probed in this study was demonstrated by PCR analysis using the primers described in Table 1 . There were 9 kinds of genotypes in all 22 strains tested: 12 strains (55%) lacked a virulence gene for sly, 5 strains (23%) lacked a virulence gene for ef, 1 strain (5%) lacked a virulence gene for orf2, 4 strains (18%) lacked a virulence gene for mrp. The results revealed that 6 strains (27%) were positive for the six virulence genes cps2 + gdh + sly + ef + mrp + orf2 + , 9 strains (41%) were positive for five of the six virulence genes cps2 + gdh + slyef + mrp + orf2 + . The rest of the strains (32%) lacked of someone of the virulence genes above described with the following genotypes: cps2 + gdh + sly + ef + mrp -orf2 + , cps2 + gdh + slyef + mrp -orf2 + , cps2 + gdh + sly + efmrp + orf2 + , cps2 + gdh + sly + efmrp -orf2 + , cps2 + Table 2 ; The six virulence genes (cps2, gdh, sly, ef, mrp, orf2) were not detected by PCR from S. aureus (ATCC25923).
DISCUSSION
The main virulence-related genes of S. suis were glutamate dehydrogenase (gdh), capsular polysaccharide (cps), lysozyme released protein (mrp), extracellular factor (ef), hemolysin (sly) and virulence-associated sequences orf2. The detection rate of mrp and ef was higher in virulent strains than in non-pathogenic strains. Therefore, mrp and ef have often been seen as signs of high pathogenicity in strains of S. suis serotype 2 (Norton et al., 1999; Ou et al., 2002) . Some studies (Zeng et al., 2003) had shown that mrp was separately a virulence factor of S. suis serotype 2. With respect to the geographical origin of isolation and distribution the virulence-related sly gene is present in 95% of S. suis serotype 2 (19/20) strains from Europe, while is in 7% (2/27) from the strains from North America (Segers et al., 1998) . Staats et al. (1999) reported that sly had certain toxicity on HEp-2 cells, endothelial cells and Vero cells, and mice and pigs could tolerate virulent attacks by immunization of the purified hemolysin, so it could be speculated that it is not only a major causative factor of S. suis serotype 2, but also a protective antigen. Virulence-associated orf2 sequences have differences on the sequence among the different virulent strains. These differences could result in different pathogenic strains (Li et al., 2003) . Smith et al. (1999) found that capsule-free mutant alleles strain obtained by insertional mutations in vitro could easily be ingested by alveolar macrophages, which were sterile intranasal inoculated to piglets, the strain was completely non-pathogenic to piglets. Clearly, the capsular polysaccharide was related to pathogenicity of the cell. Glutamate dehydrogenase (gdh) virulence gene is related to the species of S. suis, and this was also a virulence factor (Okwumabua et al., 2003) .
The comprehensiveness of the distribution of the virulence factors for epidemic strains of S. suis in Hebei province, contributed to further understand the virulence properties and pathogenesis of the epidemic strains of S. suis in China, and provided a scientific basis for prevention and treatment of S. suis. Therefore, the above-mentioned 6 virulence factors were detected by PCR in 22 strains of S. suis serotype 2 isolated from the clinical pigs. The results showed that from these 22 strains of S. suis serotype 2,6 strains (27%) were positive of cps2 + / gdh + / ef + / mrp + / sly + / orf2 + . According to Zhao
